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A qnrB2 determinant was described for a new complex sul1-type integron from Salmonella enterica serovar
Keurmassar. The genetic structure contained two class 1 integrons surrounding two common regions (CRs)
separated by a partial 3� conserved segment. The qnrB2 gene is adjacent to the first CR.

Quinolone resistance in gram-negative bacteria is mainly
due to chromosomal mutations in genes encoding quinolone
targets (DNA gyrase and topoisomerase IV) and/or in regula-
tory genes of outer membrane proteins or efflux pumps (7).
The first plasmid-mediated quinolone resistance determinant,
qnrA, was recently characterized (8), and several Qnr proteins
(QnrA-like, QnrB, and QnrS) have since been described (6, 9;
G. A. Jacoby, K. Walsh, D. Mills, V. Walker, A. Robicsek, H.
Oh, and D. C. Hooper, Abstr. 44th Intersci. Conf. Antimicrob.
Agents Chemother., abstr. C2-1898a, 2004). Epidemiological
studies of the distribution of qnr determinants show that qnr-
positive strains frequently express extended-spectrum �-lacta-
mases (ESBLs) (9). The genetic environment of qnr genes has
been characterized for qnrA variants and qnrS (6) but not, to
our knowledge, for qnrB determinants. The qnrA variants are
located on plasmids and are often embedded in complex sul1-
type integrons (9). These structures, first described for In6 and
In7 (17), contain two partial copies of the 3� conserved seg-
ment (3�-CS) of class 1 integrons, surrounding a common re-
gion (CR) which contains the orf513 that encodes a putative
recombinase (11, 18). Several antibiotic resistance genes have
been described downstream of the CR, including blaDHA-1

(20), dfrA10 (10, 11), cat (16, 17), blaCTX-M genes (4), dfrA19
(21), and blaCMY-9 (3).

We have previously characterized two class-1 integrons in
eight clonal strains of the newly described Keurmassar serovar
of Salmonella enterica subsp. enterica (5). One integron con-
tained the aadA2 cassette and the other the aac(6�)-IIc and
ereA2 cassettes. The strain was resistant to amikacin, chloram-
phenicol, gentamicin, netilmicin, spectinomycin, streptomycin,
sulfamethoxazole, tetracycline, tobramycin, and trimethoprim,
and expressed the ESBL SHV-12; all the resistances were
transferred en bloc to Escherichia coli by conjugation.

Here, we detected orf513 by means of specific PCR method
A (Fig. 1, Table 1). PCR A was positive with both the original
strain and its transconjugants. Thus, to further investigate the
genetic organization of the complex sul1-type integron, plas-

mid DNA from the transconjugants was extracted and ampli-
fied by PCR with primers located in known sequences (PCRs
B and C) (Fig. 1, Table 1). Sequence analysis of fragment B
showed, downstream of the CR, a 2,505-bp fragment contain-
ing (i) a 726-bp sequence with 90% identity to a fragment of
the Klebsiella pneumoniae plasmid pRBDHA, including the
first 535 bp of the sapA gene (AJ971343), and (ii) a 645-bp
sequence with 100% identity to the qnrB2 gene (DQ351242)
(Fig. 1). In the plasmid pRBDHA, the sapA and sapB genes of
the sap operon (ABC transporter family) were also adjacent
to the CR and may have originated from S. enterica serovar
Typhimurium (20). Sequence analysis of fragment C showed,
upstream of the CR, the aadA2-containing class 1 integron
(Fig. 1).

To determine the outer boundaries of this complex sul1-type
integron, plasmid DNA from the transconjugants was digested
with BamHI. The fragments were then cloned into pUC18, and
transformants were selected on brain heart infusion agar con-
taining spectinomycin (25 �g/ml). A recombinant plasmid with
a 12.9-kb BamHI insert was selected. PCRs A, B, and C were
positive for this fragment, and sequence analysis of the bound-
aries with primers in pUC18 showed that the 5�-CS of class 1
integron was present at the left-hand boundary. The right-hand
700 bp showed 100% identity to the 3� end of the complex
sul1-type integron In-t1 containing the dfrA19 gene, down-
stream of the CR. This integron has been described for plas-
mid IncFI/97 of S. enterica serovar Typhimurium (AJ310778)
(21) (Fig. 1). We postulated that a second copy of the CR
might be present on the 12.9-kb fragment and thus performed
PCRs D and E (Fig. 1, Table 1). The PCR products were
sequenced, confirming the presence (downstream of the se-
quence containing the first CR, the sapA-like, and qnrB2) of a
fragment 100% identical to the CR and also the dfrA19-asso-
ciated gene of plasmid IncFI/97 (Fig. 1). In the plasmid, this
sequence was followed by the class 1 integron In-t2 containing
the oxa1 and aadA1 cassettes (Fig. 1). By a combination of
PCRs with primers located in the orf513, oxa1, aadA1, dfrA19,
and sul1 genes, we successfully amplified products F, G, and H
from the transconjugant plasmid DNA (Fig. 1, Table 1). Se-
quencing of these fragments confirmed that the In-t2 integron
was present downstream of the dfrA19-containing sequence.
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This structure may have resulted from RecA-dependent ho-
mologous recombination between two copies of sul1 or orf513.

To our knowledge, this is the first characterization of the
genetic organization of a qnrB determinant. The variant qnrB2
gene has previously been detected on plasmid pMG301 in
Citrobacter koseri (DQ351242) (Jacoby et al., Abstr. 44th In-
tersci. Conf. Antimicrob. Agents Chemother.), but its genetic
environment has not yet been characterized. In the complex
sul1-type integron described here, the qnrB2 gene is in the
opposite orientation (Fig. 1). To our knowledge, the only re-

sistance gene so far found to be located downstream of the CR,
in the opposite orientation, is blaDHA-1 (20). The qnrA deter-
minants previously described for complex sul1-type integrons
were all inserted in the same orientation as orf513 (9). Some
antibiotic resistance genes located downstream of the CR have
been shown to originate from bacterial chromosome segments
(1, 2, 3, 15, 19). The reservoir of qnrA-like genes was recently
shown to be Shewanella algae (14). The origin of qnrB is un-
known, although QnrB-like proteins were recently found in
members of the Vibrionaceae family (13).

FIG. 1. Genetic organization of the qnrB2-containing complex sul1-type integron. Comparison with the organization of the plasmid IncFI/97
showed that the 12.9-kb BamHI fragment harbors the same orf513-dfrA19-containing fragment. Analysis by PCR mapping and sequencing of PCR
products F, G, and H showed that integron In-t2 of IncFI/97 is located at the 3� end of the 12.9-kb BamHI fragment. The horizontal bars
correspond to PCR products, the gray ovals correspond to attC sites, and the thick arrows show the genes or ORFs and their direction of
transcription.

TABLE 1. Primer sequences used for PCR mapping

Amplicon (target) Primer Sequence (5�–3�) Size of
amplicon (bp) Reference

A (orf513) 341A CGCCCACTCAAACAAACG 468 15
341B GAGGCTTTGGTGTAACCG 15

B (orf513-sul1) 341STOP ACATTAGTCGGCCAGCGG 4,262 15
SulR GATTGCGCTTCGCAGATCTCCAGG 12

C (intI1-orf513) intI1L ACATGTGATGGCGACGCACGA 3,943 12
341B GAGGCTTTGGTGTAACCG 15

D (qnrB2-orf513) qnrL TGAACCACTGAACGTCGC 2,696 This study
341B GAGGCTTTGGTGTAACCG 15

E (sul1-dfrA19) SulL CCTGGAGATCTGCGAAGCGCAATC 3,298 This study
dfrR CTCGCTGGCACTGGAAT This study

F (orf513-aadA1) 341STOP ACATTAGTCGGCCAGCGG 5,333 15
aadAR AAGTATGACGGGCTGATACTG This study

G (dfrA19-aadA1) dfrL ATTCCAGTGCCAGCGAG 3,531 This study
aadAR AAGTATGACGGGCTGATACTG This study

H (oxa1-qacE�1) oxaL CTGAAATTGCTCAATTCAATAAAGC 2,431 This study
SulR2 GTCGTTATAGCCCTATCTCGCGTC This study
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The S. enterica serovar Keurmassar strain expressed the
ESBL SHV-12. Previous studies have shown an association
between qnr-positive isolates and ESBLs, the two determinants
sometimes being located on the same plasmid (9). In our S.
enterica serovar Keurmassar strain, all the resistances, includ-
ing the ESBL phenotype, were transferred en bloc. Thus, the
SHV-12 determinant may be located on the same plasmid as
the complex sul1-type integron described here.

We describe a new complex sul1-type integron in an S.
enterica serovar Keurmassar strain containing two complete
class-1 integrons surrounding two CRs separated by a partial
3�CS (Fig. 1). The resistance genes qnrB2 and dfrA19 were
found adjacent to the two CRs.

Nucleotide sequence accession number. The nucleotide se-
quence of the 12.9-kb BamHI fragment has been deposited in the
EMBL-GenBank databases under accession number AM234698.
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